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(67)  Animpedance measuring device for alaminated
battery outputs an alternating current to an impedance
measurement object, the impedance measurement ob-
ject including at least a laminated battery and computes
an impedance of the laminated battery on the basis of
an alternating current applied to the impedance meas-
urement object and at least one of a positive-electrode
side AC potential difference and a negative-electrode
side AC potential difference, the positive-electrode side
AC potential difference being a potential difference be-
tween a potential on a positive electrode side of the im-
pedance measurement object and an intermediate po-
tential of the impedance measurement object, the neg-

DEVICE FOR MEASURING IMPEDANCE OF LAMINATED BATTERY

ative-electrode side AC potential difference between a
potential on a negative electrode side of the impedance
measurement object and the intermediate potential of
the impedance measurement object. This device in-
cludes a filter configured to remove a signal with a fre-
quency of an AC signal to the AC signal, the AC signal
indicating the AC potential difference on one electrode
side opposite to that of the AC potential difference used
by impedance computation, and an adding unit config-
ured to add a filtered signal to the AC signal, the filtered
signal being a signal after passing through the filter, the
AC signal indicating the AC potential difference used by
impedance computation.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a device for
measuring an impedance of a laminated battery.

BACKGROUND ART

[0002] Inalaminated batteryinwhich a plurality of pow-
er generation elements are laminated, it is desirable to
detectan impedance as accurately as possible. A device
for measuring an impedance of a laminated battery is
disclosed in JP2009-109375A. In the device described
in JP2009-109375A, an impedance of a battery is meas-
ured by applying an alternating current to the battery con-
nected to an external load.

SUMMARY OF INVENTION

[0003] However, since noise is superimposed on an
alternating current to be detected in the device described
in JP2009-109375A, there has been a problem that the
impedance of the laminated battery cannot be accurately
detected. Since it is desired to measure an alternating-
current voltage signal in response to an applied alternat-
ing current signal, a filter for allowing the passage of an
alternating-current voltage signal to be detected is gen-
erally used as a countermeasure against noise for these
signals.

[0004] The presentinvention aims to provide a device
capable of measuring an impedance with high accuracy
by a method different from the above general filtering
process.

[0005] In one aspect of an impedance measuring de-
vice for a laminated battery according to the present em-
bodiment, the impedance measuring device is config-
ured to output an alternating current to an impedance
measurement object, the impedance measurement ob-
jectincluding atleast alaminated battery. Theimpedance
measuring device is configured to compute an imped-
ance of the laminated battery on the basis of an alternat-
ing current applied to the impedance measurement ob-
ject and at least one of a positive-electrode side AC po-
tential difference and the negative-electrode side AC po-
tential difference, the positive-electrode side AC potential
difference being a potential difference between a poten-
tial on a positive electrode side and an intermediate po-
tential of the impedance measurement object, the neg-
ative-electrode side AC potential difference being a po-
tential difference between a potential on a negative elec-
trode side and the intermediate potential of the imped-
ance measurement object. This impedance measuring
device includes a filter configured to remove a signal with
a frequency of an AC signal from the AC signal, the AC
signal indicating the AC potential difference on one elec-
trode side opposite to that of the AC potential difference
used by impedance computation from the AC signal, and
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an adding unit configured to add a filtered signal to the
AC signal, the filtered signal being a signal after passing
through the filter, the AC signal indicating the AC potential
difference used by impedance computation.

BRIEF DESCRIPTION OF DRAWINGS
[0006]

FIG. 1A is an external perspective view showing a
fuel battery as an example of a laminated battery to
which an impedance measuring device according to
the present invention is applied,

FIG. 1B is an exploded view showing the structure
of a power generation cell constituting the fuel bat-
tery shown in FIG. 1A,

FIG. 2 is a circuit diagram of an impedance meas-
uring device for a laminated battery in a first embod-
iment,

FIG. 3is adiagram showing a positive-electrode side
direct current shut-off unit 511, a negative-electrode
side direct current shut-off unit 512, an intermediate
point direct current shut-off unit 513, a positive-elec-
trode side AC potential difference detecting unit 521,
anegative-electrode side AC potential difference de-
tecting unit 522, a positive-electrode side notch filter
561, a negative-electrode side notch filter 562 and
adders 571, 572 in detail,

FIG. 4 is adiagram showing a positive-electrode side
power supply unit 531 and a negative-electrode side
power supply unit 532 in detail,

FIG. 5 is a diagram showing an alternating current
adjustment unit 540 in detail,

FIG. 6 is a diagram showing an impedance comput-
ing unit 550 in detail,

FIG. 7 is a control flow chart to be executed by a
control unit 6 in the first embodiment of the imped-
ance measuring device for a laminated battery ac-
cording to the present invention,

FIGS. 8 are time charts when the impedance meas-
uring device for a laminated battery according to the
present invention is controlled by a controller,
FIGS. 9 are diagrams showing functions and effects
of an impedance measuring device for a laminated
battery in a second embodiment,

FIG. 10 is adiagram showing a specific configuration
of the second embodiment,

FIG. 11 is a circuit diagram of the second embodi-
ment of the impedance measuring device for a lam-
inated battery according to the present invention,
FIG. 12 is a circuit diagram of an impedance meas-
uring device for a laminated battery in a third em-
bodiment,

FIG. 13 is a control flow chart to be executed by a
controller of the impedance measuring device for a
laminated battery in the third embodiment,

FIG. 14 is a circuit diagram of an impedance meas-
uring device for a laminated battery in a fourth em-
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bodiment,

FIG. 15 is a diagram showing a fifth embodiment of
the impedance measuring device for a laminated
battery according to the present invention, FIG. 16
is a specific circuit diagram of the fifth embodiment,
FIG. 17 is a circuit diagram of an impedance meas-
uring device for a laminated battery in a sixth em-
bodiment,

FIG. 18 is a circuit diagram of an impedance meas-
uring device for a laminated battery in a seventh em-
bodiment,

FIG. 19 is a diagram showing a configuration for suc-
cessively switching intermediate points in a connec-
tion switcher 580, and

FIG. 20 is a diagram showing a modification.

DESCRIPTION OF EMBODIMENTS

[0007] Hereinafter, embodiments of the presentinven-
tion are described with reference to the accompanying
drawings.

(First Embodiment)

[0008] FIGS. 1A and 1B are diagrams showing a fuel
battery as an example of a laminated battery to which an
impedance measuring device according to the present
invention is applied, wherein FIG. 1A is an external per-
spective view and FIG. 1B is an exploded view showing
the structure of a power generation cell.

[0009] AsshowninFIG. 1A, afuel cell stack 1 includes
a plurality of laminated power generation cells 10, current
collector plates 20, insulation plates 30, end plates 40
and four tension rods 50.

[0010] The power generation cell 10 is a unit cell of the
fuel battery. Each power generation cell 10 generates an
electromotive voltage of about 1 volt (V). The detailed
configuration of each power generation cell 10 is de-
scribed in detail later.

[0011] The current collector plates 20 are respectively
arranged at outer sides of the plurality oflaminated power
generation cells 10. The current collector plates 20 are
formed of a gas-impermeable conductive material such
as dense carbon. The current collector plate 20 includes
a positive electrode terminal 211 and a negative elec-
trode terminal 212. Further, an intermediate terminal 213
is provided between the positive electrode terminal 211
and the negative electrode terminal 212. The fuel cell
stack 1 extracts and outputs electrons e- generated in
each power generation cell 10 by the positive electrode
terminals 211 and the negative electrode terminals 212.
[0012] The insulation plates 30 are respectively ar-
ranged at outer sides of the current collector plates 20.
The insulation plates 30 are formed of an insulating ma-
terial such as rubber.

[0013] The end plates 40 are respectively arranged at
outer sides of the insulation plates 30. The end plates 40
are formed of a rigid metal material such as steel.
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[0014] One end plate 40 (end plate 40 on a front left
side in FIG. 1A) includes an anode supply port 41a, an
anode discharge port 41b, a cathode supply port 42a, a
cathode discharge port 42b, a cooling water supply port
43a and a cooling water discharge port 43b. In the
present embodiment, the anode discharge port 41b, the
cooling water discharge port 43b and the cathode supply
port 42a are provided on a right side in FIG. 1A. Further,
the cathode discharge port 42b, the cooling water supply
port 43a and the anode supply port 41a are provided on
a left side in FIG. 1A.

[0015] The tension rods 50 are respectively arranged
near four corners of the end plate 40. The fuel cell stack
1 is formed with holes (not shown) penetrating inside.
The tension rods 50 are inserted into these through holes.
The tension rods 50 are formed of a rigid metal material
such as steel. Insulation processing is applied to surfaces
of the tension rods 50 to prevent an electrical short circuit
between the power generation cells 10. Nuts (not shown
by being located on a back side) are threadably engaged
with these tension rods 50. The tension rods 50 and the
nuts tighten the fuel cell stack 1 in a lamination direction.
[0016] A method for supplying hydrogen as anode gas
to the anode supply port 41 a is, for example, a method
for directly supplying hydrogen gas from a hydrogen stor-
age device, a method for supplying hydrogen-containing
gas obtained by reforming hydrogen-containing fuel or
the like. It should be noted that the hydrogen storage
device is a high-pressure gas tank, a liquefied hydrogen
tank, a hydrogen storage alloy tank or the like. The hy-
drogen-containing fuel is natural gas, methanol, gasoline
or the like. Further, air is generally used as cathode gas
to be supplied to the cathode supply port 42a.

[0017] As shownin FIG. 1B, the power generation cell
10 is so structured that an anode separator (anode bipo-
lar plate) 12a and a cathode separator (cathode bipolar
plate) 12b are arranged on opposite surfaces of a mem-
brane electrode assembly (MEA) 11.

[0018] Inthe MEA 11, electrode catalystlayers 112 are
formed on opposite surfaces of an electrolyte membrane
111 composed of an ion-exchange membrane. Gas dif-
fusion layers (GDL) 113 are formed on these electrode
catalyst layers 112.

[0019] The electrode catalystlayer 112is, for example,
formed of platinum-carrying carbon black particles.
[0020] The GDL 113 is, for example, formed of a ma-
terial having sufficient gas diffusion property and electri-
cal conductivity such as carbon fibers.

[0021] The anode gas supplied from the anode supply
port 41a flows in this GDL 113a, reacts with the anode
electrode catalyst layer 112 (112a) and is discharged
from the anode discharge port 41 b.

[0022] The cathode gas supplied from the cathode
supply port 42a flows in this GDL 113b, reacts with the
cathode electrode catalyst layer 112 (112b) and is dis-
charged from the cathode discharge port 42b.

[0023] The anode separator 12ais laid on one surface
(back surface in FIG. 1B) of the MEA 11 via the GDL
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113a and a seal 14a. The cathode separator 12b is laid
on one surface (front surface in FIG. 1B) of the MEA 11
via the GDL 113b and a seal 14b. The seals 14 (14a,
14b) are rubber-like elastic members made of, for exam-
ple, silicone rubber, ethylene propylene diene monomer
(EPDM), fluororubber or the like. The anode separator
12a and the cathode separator 12b are, for example,
formed by press-molding a separator base made of metal
such as stainless steel, forming reaction gas flow pas-
sages on one surface and forming cooling water flow
passages on an opposite surface such that the reaction
gas flow passages and the cooling water flow passages
are alternately arranged. As shown in FIG. 1B, the anode
separator 12a and the cathode separator 12b are laid
together to form the cooling water flow passages.
[0024] Each of the MEA 11, the anode separator 12a
and the cathode separator 12b are formed with holes
41a, 41b, 42a, 42b, 43a and 43b and, by laying these
one next to each other, the anode supply port (anode
supply manifold) 41a, the anode discharge port (anode
discharge manifold) 41b, the cathode supply port (cath-
ode supply manifold) 42a, the cathode discharge port
(cathode discharge manifold) 42b, the cooling water sup-
ply port (cooling water supply manifold) 43a and the cool-
ing water discharge port (cooling water discharge man-
ifold) 43b are formed.

[0025] FIG. 2 is a circuit diagram of an impedance
measuring device for a laminated battery in a first em-
bodiment.

[0026] An impedance measuring device 5 includes a
positive-electrode side direct current shut-off unit 511, a
negative-electrode side direct current shut-off unit 512,
an intermediate point direct current shut-off unit 513, a
positive-electrode side AC potential difference detecting
unit 521, a negative-electrode side AC potential differ-
ence detecting unit 522, a positive-electrode side power
supply unit 531, a negative-electrode side power supply
unit 532, an AC adjustment unit 540, an impedance com-
puting unit 550, a positive-electrode side notch filter 561,
anegative-electrode side notch filter 562, a positive-elec-
trode side adder 571 and a negative-electrode side adder
572.

[0027] The positive-electrode side direct current shut-
off unit 511, the negative-electrode side direct current
shut-off unit 512, the intermediate point direct current
shut-off unit 513, the positive-electrode side AC potential
difference detecting unit521, the negative-electrode side
AC potential difference detecting unit 522, the positive-
electrode side notch filter 561, the negative-electrode
side notch filter 562, the positive-electrode side adder
571 and the negative-electrode side adder 572 are de-
scribed in detail with reference to FIG. 3.

[0028] The positive-electrode side direct current shut-
off unit 511 is connected to the positive electrode terminal
211 of the fuel battery 1. The negative-electrode side
direct current shut-off unit 512 is connected to the neg-
ative electrode terminal 212 of the fuel battery 1. The
intermediate point direct current shut-off unit 513 is con-
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nected to the intermediate terminal 213 of the fuel battery
1. In the present embodiment, the intermediate terminal
213 is connected to a point at an intermediate potential
of the fuel battery 1 and grounded. It should be noted
that the intermediate point direct current shut-off unit 513
may not be provided as shown by wavy line in FIG. 2.
These direct current shut-off units shut off a direct current,
but allows an alternating current to flow. The direct cur-
rent shut-off units are, for example, capacitors or trans-
formers.

[0029] The positive-electrode side notch filter 561 re-
moves an alternating current (AC) signal of a predeter-
mined frequency (e.g. 5 KHz) to be detected by the pos-
itive-electrode side AC potential difference detecting unit
521 to be described later out of a signal whose direct
current is shut off in the positive-electrode side direct
current shut-off unit 511. Since the signal whose direct
current is shut off in the positive-electrode side direct
current shut-off unit 511 includes a noise component to-
getherwith the AC signal to be detected, the signal having
passed through the positive-electrode side notch filter
561 is composed only of the noise component.

[0030] The negative-electrode side notch filter 562 re-
moves an AC signal of a predetermined frequency (e.g.
5 KHz) to be detected by the negative-electrode side AC
potential difference detecting unit 522 to be described
later out of a signal whose direct current is shut off in the
negative-electrode side direct current shut-off unit 512.
Since the signal whose direct current is shut off in the
negative-electrode side direct current shut-off unit 512
includes a noise component together with the AC signal
to be detected, the signal having passed through the neg-
ative-electrode side notch filter 562 is composed only of
the noise component.

[0031] The positive-electrode side adder 571 adds the
signal whose direct current is shut off in the positive-elec-
trode side direct current shut-off unit 511 and the signal
having passed through the negative-electrode side notch
filter 562. As described above, since the intermediate
point 213 is a point at an intermediate potential of the
fuel battery 1 and grounded, the signal whose direct cur-
rent is shut off in the negative-electrode side direct cur-
rent shut-off unit 512 is a signal having a phase different
from that of the signal whose direct current is shut off in
the positive-electrode side direct current shut-off unit511
by 180°. Specifically, a signal indicating the noise com-
ponent having passed through the negative-electrode
side notch filter 562 is a signal having a phase different
from that of the noise component contained in the signal
whose direct current is shut off in the positive-electrode
side direct current shut-off unit 511 (inverted phase).
Thus, the noise component is canceled out by adding
the signal whose direct current is shut off in the positive-
electrode side direct current shut-off unit 511 and the
signal having passed through the negative-electrode
side notch filter 562. Therefore, an output of the positive-
electrode side adder 571 is an AC signal of the prede-
termined frequency to be detected containing no noise
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component.

[0032] The negative-electrode side adder 572 adds the
signal whose alternating current is shut off in the nega-
tive-electrode side alternating current shut-off unit 512
and the signal having passed through the positive-elec-
trode side notch filter 561. Also in this case, an output of
the negative-electrode side adder 572 is an AC signal of
the predetermined frequency to be detected containing
no noise component since the noise component con-
tained in the signal having passed through the positive-
electrode side notch filter 561 and the signal of the noise
component having passed through the positive-electrode
side notch filter 561 are canceled out.

[0033] The positive-electrode side AC potential differ-
ence detecting unit 521 has an AC potential Va of the
positive electrode terminal 211 of the fuel battery 1 and
an AC potential Vc of the intermediate terminal 213 input
thereto and outputs a positive-electrode side alternating
current (AC) potential difference. The negative-electrode
side AC potential difference detecting unit 522 has an
AC potential Vb of the negative electrode terminal 212
of the fuel battery 1 and the AC potential V¢ of the inter-
mediate terminal 213 input thereto and outputs a nega-
tive-electrode side AC potential difference. The positive-
electrode side AC potential difference detecting unit 521
and the negative-electrode side AC potential difference
detecting unit 522 are, for example, differential amplifiers
(instrumentation amplifiers).

[0034] The positive-electrode side AC potential differ-
ence detecting unit 531 and the negative-electrode side
AC potential difference detecting unit 532 are described
in detail with reference to FIG. 4.

[0035] The positive-electrode side power supply unit
531 can be realized, for example, by a voltage-current
conversion circuit by an operational amplifier (OP ampli-
fier) as shown in FIG. 4. According to this circuit, a current
lo in proportion to an input voltage Vi is output. It should
be noted thatlo = Vi/Rs and Rs denotes a current sensing
resistance. Specifically, this circuit is a variable alternat-
ing current source capable of adjusting the output current
lo by the input voltage Vi.

[0036] If this circuit is used, the output current lo can
be computed by input voltage Vi/proportionality constant
Rs even without being actually measured. Further, since
the output is a current, an alternating current flowing in
alaminated cell group and an output of the current source
have the same phase even if an element, which causes
a phase angle, such as a capacitor is disposed in a cur-
rent path. Furthermore, the input voltage Vi also has the
same phase. Thus, itis not necessary to consider a phase
difference in impedance computation in a subsequent
stage and the circuit is simple. Furthermore, there is no
influence of a phase change even if an impedance of the
capacitor in the current path varies. Because of these,
the circuit as shown in FIG. 4 is preferably used as the
positive-electrode side power supply unit 531. The same
holds true for the negative-electrode side power supply
unit 532.
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[0037] The AC adjustment unit 540 is described in de-
tail with reference to FIG. 5.

[0038] The AC adjustment unit 540 can be realized,
for example, by a PI control circuit as shown in FIG. 5.
The AC adjustment unit 540 includes a positive-electrode
side detector circuit 5411, a positive-electrode side sub-
tractor 5421, a positive-electrode side integration circuit
5431, a positive-electrode side multiplier 5451, a nega-
tive-electrode side detector circuit 5412, a negative-elec-
trode side subtractor 5422, a negative-electrode side in-
tegration circuit 5432, a negative-electrode side multipli-
er 5452, areference voltage 544 and an AC signal source
546.

[0039] The positive-electrode side detector circuit
5411 removes an unnecessary signal from the AC po-
tential Va on a wiring of the positive-electrode side power
supply unit 531 connected to the positive electrode ter-
minal 211 of the fuel battery 1 and converts the AC po-
tential Va into a direct current signal.

[0040] The positive-electrode side subtractor 5421 de-
tects a difference between that direct current signal and
the reference voltage 544. The positive-electrode side
integration circuit 5431 averages or adjusts the sensitivity
of a signal output from the positive-electrode side sub-
tractor 5421.

[0041] The positive-electrode side multiplier 5451
modulates an amplitude of the AC signal source 546 by
an output of the positive-electrode side integration circuit
5431.

[0042] The AC adjustment unit 540 generates a com-
mand signal to the positive-electrode side power supply
unit 531 in this way. Similarly, the AC adjustment unit
540 generates acommand to the negative-electrode side
power supply unit532. By increasing and decreasing out-
puts of the positive-electrode side power supply unit 531
and the negative-electrode side power supply unit 532
according to the command signals generated in this way,
the AC voltages Va and Vb are both controlled to a pre-
determined level. This causes the AC voltages Va and
Vb to become equal.

[0043] It should be noted that although a circuit con-
figuration is shown taking an analog computation IC as
an example in this example, the AC voltage Va (Vb) may
be generated by a digital control circuit after being con-
verted into a digital potential by an AD converter.
[0044] Theimpedance computingunit550is described
in detail with reference to FIG. 6.

[0045] Theimpedance computing unit 550 includes an
AD converter (ADC) 551 and a microcomputer chip
(CUP) 552.

[0046] The AD converter 551 converts alternating cur-
rents (11, 12) and AC voltages (V1, V2), which are analog
signals, into digital numeric signals and transfers them
to the microcomputer chip 552.

[0047] The microcomputer chip 552 stores a program
for computing an impedance Rn and an impedance R of
the entire laminated battery in advance. The microcom-
puter chip 552 successively computes at predetermined
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minute time intervals or outputs a computation result ac-
cording to a request of a control unit 6. It should be noted
that the impedance Rn and the impedance R of the entire
laminated battery are computed by the following equa-
tions. In the present embodiment, n = 2.

[0048] [Equations 1]
Rn:@(nzlﬁ,...,n) .(1-1)
In
R=>Rn ..(1-2)

[0049] The impedance computing unit 550 may be re-
alized by an analog computation circuit using an analog
computation IC. According to the analog computation cir-
cuit, a temporary continuous impedance change can be
output.

[0050] FIG. 7 is a control flow chart to be executed by
the control unit 6 in the firstembodiment of the impedance
measuring device for a laminated battery according to
the present invention.

[0051] In Step S1, the control unit 6 determines wheth-
er or not the positive electrode AC voltage Va is larger
than a predetermined value. The control unit 6 proceeds
to Step S2 if a determination result is negative while pro-
ceeding to Step S3 if the determination result is affirma-
tive.

[0052] In Step S2, the control unit 6 determines wheth-
er or not the positive electrode AC voltage Va is smaller
than the predetermined value. The control unit 6 pro-
ceeds to Step S4 if a determination result is negative
while proceeding to Step S5 if the determination result
is affirmative.

[0053] In Step S3, the control unit 6 reduces the output
of the positive-electrode side power supply unit 531. In
this way, the positive electrode AC potential Va decreas-
es.

[0054] In Step S4, the control unit 6 maintains the out-
put of the positive-electrode side power supply unit 531.
In this way, the positive electrode AC potential Vais main-
tained.

[0055] In Step S5, the control unit 6 increases the out-
put of the positive-electrode side power supply unit 531.
In this way, the positive electrode AC potential Va in-
creases.

[0056] In Step S6, the control unit 6 determines wheth-
er or not the negative electrode AC voltage Vb is larger
than the predetermined value. The control unit 6 pro-
ceeds to Step S7 if a determination result is negative
while proceeding to Step S8 if the determination result
is affirmative.

[0057] In Step S7, the control unit 6 determines wheth-
er or not the negative electrode AC voltage Vb is smaller
than the predetermined value. The control unit 6 pro-
ceeds to Step S9 if a determination result is negative
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while proceeding to Step S10 if the determination result
is affirmative.

[0058] In Step S8, the control unit 6 reduces the output
of the negative-electrode side power supply unit 532. In
this way, the negative electrode AC potential Vb decreas-
es.

[0059] In Step S9, the control unit 6 maintains the out-
put of the negative-electrode side power supply unit 532.
In this way, the negative electrode AC potential Vb is
maintained.

[0060] In Step S10, the control unit 6 increases the
output of the negative-electrode side power supply unit
532. In this way, the negative electrode AC potential Vb
increases.

[0061] In Step S11, the control unit 6 determines
whether or not the positive electrode AC potential Vaand
the negative electrode AC potential Vb are the predeter-
mined value. The control unit 6 proceeds to Step S12 if
adetermination result is affirmative while exiting from the
process if the determination result is negative.

[0062] In Step S12, the control unit 6 computes the
impedances in accordance with the aforementioned
equations (1-1), (1-2).

[0063] FIGS. 8 are time charts when the impedance
measuring device for a laminated battery according to
the presentinvention is controlled by the controller unit 6.
[0064] It should be noted that step numbers are also
written to make correspondence with the flow chart easily
understandable.

[0065] In an initial stage in FIG. 8, an impedance R1
on a positive electrode side is high and an impedance
R2 on a negative electrode side is low (FIG. 8(A)). The
control unit 6 starts a control in such a state.

[0066] Attime tO, neither the positive electrode AC po-
tential Va nor the negative electrode AC potential Vb has
reached a controllevel (FIG. 8C)). In this state, the control
unit 6 repeats Steps
$1-582—-5S85-5S6—-S7—>S10—»S11. This causes the
positive-electrode side alternating current 11 and the neg-
ative-electrode side alternating current 12 to increase
(FIG. 8(B)).

[0067] When the positive electrode AC potential Va
reaches the control level attime t1 (FIG. 8(C)), the control
unit 6 repeats Steps
$1-582-584—5S6—-S7—->S10—»S11. This causes the
positive-electrode side alternating current I1 to be main-
tained and the negative-electrode side alternating cur-
rent 12 to increase (FIG. 8(B)).

[0068] When the negative electrode AC potential Vb
also reaches the control level to have the same level as
the positive electrode AC potential Va at time t2 (FIG.
8(C)), the control wunit 6 repeats Steps
S1-5S2-584—-5S6—->S7—>S9—-5S11—-5S12. This causes
the positive-electrode side alternating current 11 and the
negative-electrode side alternating current 12 to be main-
tained (FIG. 8(B)). Then, the positive-electrode side im-
pedance R1 and the negative-electrode side impedance
R2 are computed in accordance with the equation (1-1).
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Then, the overall impedance R is obtained by adding the
positive-electrode side impedance R1 and the negative-
electrode side impedance R2.

[0069] The negative-electrode side impedance R2 in-
creases due to a change in a wet state of the fuel battery
or the like at and after time t3 (FIG. 8(A)). In this case,
the control unit 6 repeats Steps
$1-582—-5S4—-5S6—-S8—->S11—-5S12. Since the negative-
electrode side alternating current 12 is reduced in accord-
ance with an increase of the negative-electrode side im-
pedance R2 by processing in this way, the negative elec-
trode AC potential is maintained at the same level as the
positive electrode AC potential. Thus, the impedance is
computed also in this state.

[0070] Atand after t4, the negative-electrode side im-
pedance coincides with the positive-electrode side im-
pedance (FIG. 8(A)). In this case, the control unit 6 re-
peats Steps S1-5S2—-5S4—-5S6—5S7—>S9—>S11->512.
The positive-electrode side AC potential and the nega-
tive-electrode side AC potential are maintained (FIG.
8(C)) at the same level by processing in this way and the
impedance is computed.

[0071] In the above description, the impedance R of
the entire fuel battery is obtained by adding the positive-
electrode side impedance R1 and the negative-electrode
side impedance R2. Since the intermediate point is the
point at the intermediate potential of the fuel cell, the pos-
itive-electrode side impedance R1 and the negative-elec-
trode sideimpedance R2 are equal. Thus, theimpedance
R of the fuel cell can be obtained, for example, by ob-
taining the positive-electrode side impedance R1 by de-
tecting only the positive-electrode side AC potential dif-
ference and the positive-electrode side alternating cur-
rent and doubling the obtained impedance R1. In this
case, itis sufficient to provide only the negative-electrode
side notch filter 562 and the positive-electrode side adder
(adding unit) 571 and the positive-electrode side notch
filter 561 and the negative-electrode side adder 572 can
be omitted. Similarly, the impedance R of the fuel cell
can be obtained, for example, by obtaining the negative-
electrode side impedance R2 by detecting only the neg-
ative-electrode side AC potential difference and the neg-
ative-electrode side alternating current and doubling the
obtained impedance R2. In this case, it is sufficient to
provide only the positive-electrode side notch filter 561
and the negative-electrode side adder 572 and the neg-
ative-electrode side notch filter 562 and the positive-elec-
trode side adder 571 can be omitted.

[0072] Asdescribed above, the impedance measuring
device for a laminated battery in the first embodiment
configured to output an alternating current to the lami-
nated battery, detect at least one of a positive-electrode
side AC potential difference and a negative-electrode
side AC potential difference, the positive-electrode side
AC potential difference being a potential difference be-
tween a potential on the positive electrode side of the
laminated battery and an intermediate potential of the
laminated battery, the negative-electrode side AC poten-
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tial difference is a potential difference between a potential
on the negative electrode side of the laminated battery
and the intermediate potential of the laminated battery,
and compute the impedance of the laminated battery on
the basis of at least one AC potential difference and the
alternating current applied to the laminated battery. This
impedance measuring device for laminated battery in-
cludes the filter corresponding to the detected AC poten-
tial difference out of the positive-electrode side notch filter
561 configured to remove a signal component with a fre-
quency of the AC signal frequency indicating the positive-
electrode side AC potential difference from the AC signal
and the negative-electrode side notch filter 562 config-
ured to remove a signal component with a frequency of
the AC signal indicating the negative-electrode side AC
potential difference from the AC signal, and the adder
configured to add a signal having passed through the
filter corresponding to the detected AC potential differ-
ence out of the positive-electrode side adder 571 config-
ured to add a signal having passed through the first filter
561 to the AC signal indicating the negative-electrode
side potential difference and the negative-electrode side
adder 572 configured to add a signal having passed
through the negative-electrode side notch filter 562 to
the AC signal indicating the positive-electrode side po-
tential difference. The signal obtained by removing the
signal of the AC signal frequency from the AC signal in-
dicating the positive-electrode side AC potential differ-
ence by the positive-electrode side notch filter 561 is a
noise signal. Since the signal indicating the positive-elec-
trode side AC potential difference and the signal indicat-
ing the negative-electrode side AC potential difference
from the intermediate potential of the laminated battery
as a reference are signals having phases different by
180° (inverted phases), the noise signal can be canceled
out and the AC signal free from noise and indicating the
negative-electrode side AC potential difference can be
extracted by adding the signal having passed through
the positive-electrode side notch filter 561 to the AC sig-
nal indicating the negative-electrode side AC potential
difference. Similarly, the noise signal can be canceled
out and the AC signal free from noise and indicating the
positive-electrode side AC potential difference can be
extracted by adding the signal having passed through
the negative-electrode side notch filter 562 to the AC sig-
nal indicating the positive-electrode side AC potential dif-
ference. In this way, the impedance of the laminated bat-
tery can be accurately obtained based onthe AC potential
differences free from the influence of noise and the al-
ternating current.

[0073] Inthe case of removing a noise component us-
ing a band-pass filter for allowing signals in a predeter-
mined frequency band to pass, cost increases since the
band-passfilter for allowing signals in a narrow frequency
range is expensive. However, in the present embodi-
ment, noise can be removed at reduced cost by using
inexpensive notch filters as compared with the configu-
ration using the band-pass filter.
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[0074] Further, in an active noise control system for
removing a noise signal by adding a signal obtained by
inverting the phase of a noise signal desired to be re-
moved to a source signal, the noise signal desired to be
removed needs to be generated. However, in the present
embodiment, the noise component can be removed from
the AC signal indicating the negative-electrode side AC
potential difference only by adding the AC signal indicat-
ing the positive-electrode side AC potential difference
and having passed through the positive-electrode side
notch filter 561 to the AC signal indicating the negative-
electrode side AC potential difference. Similarly, the
noise component can be removed from the AC signal
indicating the positive-electrode side AC potential differ-
ence only by adding the AC signal indicating the negative-
electrode side AC potential difference and having passed
through the negative-electrode side notch filter 562 to
the AC signal indicating the positive-electrode side AC
potential difference.

(Second Embodiment)

[0075] FIGS. 9 are diagrams showing functions and
effects of an impedance measuring device for a laminat-
ed battery in a second embodiment.

[0076] Although the AC potential difference detecting
units 521, 522 and the power supply units 531, 532 are
connected to the fuel battery 1 by one path in the first
embodiment, they are connected to the fuel battery 1 by
different paths in the present embodiment. By this, im-
pedance detection accuracy is improved. The reason for
that is described below.

[0077] If an AC potential difference detecting unit and
a power supply unit are connected by one path as shown
in FIG. 9A, a potential Vx of the fuel battery 1 is expressed
by the following equation (2).

[0078] [Equation 2]

Vx =RxxIx -(2)

[0079] Contrary to this, a voltage Vi detected by the
AC potential difference detecting unit 521 is expressed
by the following equation (3).

[0080] [Equation 3]

Vi=Vx+(Rc+ Rw)x Ix ..(3)

[0081] In this way, the voltage Vi detected by the AC
potential difference detecting unit 521 is obtained by add-
ing an error voltage corresponding to a wiring resistance
Rw, a contact resistance Rc at a connection point and
an alternating current to the potential Vx originally desired
to be detected. Thus, a measurement error err is ex-
pressed by the following equation (4).

[0082] [Equation 4]
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Vi Rx+ Rc+ Rw

..(4)
Vx Rx
[0083] Since a measurement object resistance Rx is
generally high such as in a small-size battery, the contact
resistance Rc and the wiring resistance Rw can be ig-
nored and there is practically no problem. However, in a
large-size battery, a relationship of [wiring resistance Rw
> measurement object resistance Rx] generally holds. In
this case, connection to each laminated cell group by a
four-terminal method is necessary.
[0084] Accordingly,inthe presentembodiment,the AC
potential difference detecting unit and the power supply
unit are respectively connected by different paths as
shown in FIG. 9(B). If this configuration is adopted, the
contact resistance Rc and the wiring resistance Rw on
an AC voltage detection line 501a act to divide the voltage
Vx desired to be detected by an input resistance Ri of
the AC potential difference detecting unit 521. Generally,
the input resistance Ri of the AC potential difference de-
tecting unit 521 is much higher than the wiring resistance
Rw and the contact resistance Rc (Ri »
[0085] (Rw+Rc)). Thus, by adopting such a configura-
tion, the measurement error err is expressed by the fol-
lowing equation (5) and becomes negligibly small, where-
fore Vi = Vx can be assumed.

[0086] [Equation 5]
Vi Ri
err=— = ——— ...(5)
Vx Rc+Rw+Ri
[0087] FIG. 10 is a diagram showing a specific config-

uration of the second embodiment.

[0088] A connection part is provided by partially ex-
tending a separator (bipolar plate) 12 of a power gener-
ation cell 10 constituting a fuel battery 1.

[0089] FIG. 11is a circuit diagram showing the second
embodiment of the impedance measuring device for a
laminated battery according to the present embodiment.
[0090] A positive-electrode side AC potential differ-
ence detecting unit 521 is connected to a separator (bi-
polar plate) on a positive electrode side of the fuel battery
1 via a capacitor 511a. A positive-electrode side power
supply unit 531 is connected to the same separator (bi-
polar plate) as the one connected to the positive-elec-
trode side AC potential difference detecting unit 521 by
a path 501 different from a path 501a of the positive-
electrode side AC potential difference detecting unit 521.
[0091] A negative-electrode side AC potential differ-
ence detecting unit 522 is connected to a separator (bi-
polar plate) on anegative electrode side of the fuel battery
1 via a capacitor 512a. A negative-electrode side power
supply unit 532 is connected to the same separator (bi-
polar plate) as the one connected to the negative-elec-
trode side AC potential difference detecting unit 522 by
a path 502 different from a path 502a of the negative-
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electrode side AC potential difference detecting unit 522.
[0092] A ground line 503 is connected to a separator
(bipolar plate) at an intermediate point (point of an inter-
mediate potential) of the fuel battery 1 via a capacitor
513. Further, the positive-electrode side AC potential dif-
ference detecting unit 521 and the negative-electrode
side AC potential difference detecting unit 522 are con-
nected to the same separator (bipolar plate) as the one
connected to the ground line 503 by a path 503a different
from that of the ground line 503 via a capacitor 513a.
[0093] Further, in the present embodiment, focusing
on that a command signal of an AC adjustment unit 540
is in a proportional relationship with output signals of the
positive-electrode side power supply unit 531 and the
negative-electrode side power supply unit 532, alternat-
ing current values (11, 12) are obtained based on this
command signal.

[0094] According to the present embodiment, the in-
fluence of a resistance variation due to the magnitudes
of the wiring resistance and the contact resistance, tem-
perature, terminal surface oxidation or the like can be
drastically reduced. Thus, a degree of freedom in design-
ing a laminated battery side and signal wiring is high and
an impedance of each laminated cell group can be inex-
pensively and accurately detected. Further, since itis not
necessary to actually measure the alternating current val-
ues (I1, 12), the circuit can be simplified.

[0095] Also in such a circuit configuration, signals in
which is noise is canceled out are output from a positive-
electrode side adder 571 and a negative-electrode side
adder 572 as in the first embodiment. Thus, the positive-
electrode side AC potential difference detecting unit 521
and the negative-electrode side potential difference de-
tecting unit 522 can detect AC potential differences free
from noise.

(Third Embodiment)

[0096] FIG. 12 is a circuit diagram of an impedance
measuring device for a laminated battery in a third em-
bodiment. In the present embodiment, an AC potential
difference detecting unit is also provided only on a pos-
itive electrode side. Accordingly, an adder (571) is pro-
vided only on the positive electrode side and a notch filter
(562) is provided only on a negative electrode side.
[0097] Inthepresentembodiment, an AC power supply
unit 570 is connected to a separator (bipolar plate) at an
intermediate point (point of an intermediate potential) of
a fuel battery 1 via a capacitor 513. Further, a positive-
electrode side AC potential difference detecting unit 521
is connected to the same separator (bipolar plate) as the
one connected to the AC power supply unit 570 by a path
503a different from a path 503 of the AC power supply
unit 570 via a capacitor 513a.

[0098] A positive-electrode side AC detecting unit
531ais connected to the same separator (bipolar plate)
as the one connected to the positive-electrode side AC
potential difference detecting unit 521 by a path 501 dif-
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ferent from a path 501a of the positive-electrode side AC
potential difference detecting unit 521 via a capacitor
511.

[0099] A negative-electrode side AC detecting unit
532a is connected to the same separator (bipolar plate)
as the one connected to a capacitor 512a by a path 502
different from a path 502a of the capacitor 512a via a
fixed resistor Rf and a capacitor 512. It should be noted
that current-voltage conversion circuits by OP amplifiers,
AC sensors of a current transformer (CT) type or the like
can be used as the AC detecting units 531a, 532a.
[0100] One end of an AC adjustment unit 540a is con-
nected between the capacitor 511a and the positive-elec-
trode side AC potential difference detecting unit521. Fur-
ther, the other end is connected to the capacitor 512a.
This enables a positive-electrode side AC potential Va
and a negative-electrode side AC potential Vb of the fuel
battery 1 to be input to the AC adjustment unit 540a.
Then, the AC adjustment unit 540a adjusts a variable
resistor Ra and a variable capacitor Ca.

[0101] FIG. 13 is a control flow chart to be executed
by a controller of the impedance measuring device for a
laminated battery in the third embodiment.

[0102] InStep S101, acontrolunit 6 determines wheth-
er or not initial values have been set. The control unit 6
proceeds to Step S102 if a determination result is nega-
tive (initial values have not been set yet) while proceeding
to Step S104 if the determination result is affirmative (in-
itial values have been set).

[0103] In Step S102, the control unit 6 sets an adjust-
ment amount N of the variable resistor Ra and an adjust-
ment amount M of the variable capacitor Ca. Here, each
amount is set at 1 as an example.

[0104] InStep S103,the controlunit6 computes acom-
parative potential difference Vp by subtracting the neg-
ative-electrode side AC potential Vb from the positive-
electrode side AC potential Va.

[0105] In Step S104, the control unit 6 determines
whether or not to adjust the variable resistor Ra. The
control unit 6 proceeds to Step S105 if a determination
result is affirmative while proceeding to Step S111 if the
determination result is negative.

[0106] In Step S105, the control unit 6 updates a var-
iable resistance value Ra by adding the adjustment
amount N to aresistance value Ra of the variable resistor.
[0107] In Step S106, the control unit 6 computes a po-
tential difference Vn by subtracting the negative-elec-
trode side AC potential Vb from the positive-electrode
side AC potential Va.

[0108] In Step S107, the control unit 6 determines
whether or not the potential difference Vn has become
smallerthan the comparative potential difference Vp. The
control unit 6 proceeds to Step S108 if a determination
result is negative while proceeding to Step S109 if the
determination result is affirmative.

[0109] In Step S108, the control unit 6 reverses the
polarity of the adjustment amount N and temporarily exits
from the process.
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[0110] In Step S109, the control unit 6 determines
whether or not the potential difference Vn has become
minimum. The control unit 6 proceeds to Step S110ifa
determination result is affirmative while temporarily exit-
ing from the process if the determination result is nega-
tive.

[0111] In Step S110, the control unit 6 updates the
comparative potential difference Vp to the potential dif-
ference Vn at that point of time.

[0112] In Step S111, the control unit 6 updates a var-
iable capacitor capacitance Ca by adding the adjustment
amount M to the capacitance Ca of the variable capacitor.
[0113] In Step S 112, the control unit 6 computes the
potential difference Vn by subtracting the negative-elec-
trode side AC potential Vb from the positive-electrode
side AC potential Va.

[0114] In Step S 113, the control unit 6 determines
whether or not the potential difference Vn has become
smallerthan the comparative potential difference Vp. The
control unit 6 proceeds to Step S114 if a determination
result is negative while proceeding to Step S 115 if the
determination result is affirmative.

[0115] In Step S 114, the control unit 6 reverses the
polarity of the adjustmentamount M and temporarily exits
from the process.

[0116] In Step S 115, the control unit 6 determines
whether or not the potential difference Vn has become
minimum. The control unit 6 proceeds to Step S116 if a
determination result is affirmative while temporarily exit-
ing from the process if the determination result is nega-
tive.

[0117] In Step S116, the control unit 6 updates the
comparative potential difference Vp to the potential dif-
ference Vn at that point of time.

[0118] In Step S117, the control unit 6 computes im-
pedances in accordance with the aforementioned equa-
tions (1-1), (1-2).

[0119] When the above flow chart is executed, the im-
pedance measuring device operates as follows.
[0120] First, the initial ~ values  are
(8101—-S102—S103).

[0121] Inthe next cycle, the variable resistor Ra is first
adjusted. The variable resistance value Ra is adjusted
(S105), the potential difference Vn is computed (S106),
the polarity of the adjustment amount N is reversed
(S108) unless the potential difference becomes smaller
and it is determined whether or not the potential differ-
ence has a minimum value (S109) if the potential differ-
ence has become smaller. By repeating a similar process
(8101—>S104—»S105—-S106—>S107—S108 or S109)
until the potential difference becomes the minimum val-
ue, the variable resistance value Ra is adjusted to the
minimum value. When the variable resistance value Ra
is adjusted to the minimum value, the comparative po-
tential difference Vpis updated to the potential difference
Vn at that point of time (S110).

[0122] In the next cycle, the variable capacitor capac-
itance Ca is adjusted. The variable capacitor capacitance
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Cais adjusted (S111), the potential difference Vn is com-
puted (S112), the polarity of the adjustment amount M is
reversed (S114) unless the potential difference becomes
smaller and it is determined whether or not the potential
difference has a minimum value (S 115) if the potential
difference has become smaller. By repeating a similar
process (S101-S104—-5S111-5S112—»S113—>S114 or
S115) until the potential difference becomes the mini-
mum value, the variable capacitor capacitance Ca is ad-
justed to the minimum value. When the variable capacitor
capacitance Ca is adjusted to the minimum value, the
comparative potential difference Vp is updated to the po-
tential difference Vn at that point of time (S116).

[0123] Then,impedancesare computedinaccordance
with the aforementioned equations (1-1), (1-2) (S117).
[0124] If the present embodiment is adopted, AC volt-
age amplitudes at opposite ends of each laminated cell
group inevitably become equal. Thus, effects similar to
those of the first and second embodiments are obtained.
Specifically, since the value of the alternating current
flowing in the impedance measurement object (fuel bat-
tery) and the value of the alternating current output from
the power supply coincide, the alternating current flowing
into the measurement object can be accurately detected.
Since the impedance of the laminated battery is comput-
ed based on this alternating current, the impedance of
the laminated battery in operation can be accurately
measured without being affected by a state of a load de-
vice.

[0125] Further, according to the present embodiment,
since the AC voltage amplitudes at the opposite ends of
each laminated cell group inevitably become equal, it is
sufficient to provide the AC potential difference detecting
unit on either one of the positive electrode side and the
negative electrode side. It should be noted that, in the
present embodiment, the AC potential difference detect-
ing unit 521 is provided on the positive electrode side.
Thus, the circuit can be simplified.

[0126] Also in the present embodiment, a signal in
which noise is canceled out is output from the positive-
electrode side adder 571 as in the first embodiment.
Thus, the positive-electrode side AC potential difference
detecting unit 521 can detect an AC potential difference
free from noise.

(Fourth Embodiment)

[0127] FIG. 14 is a circuit diagram of an impedance
measuring device for a laminated battery in a fourth em-
bodiment.

[0128] In the present embodiment, as in the third em-
bodiment, an AC power supply unit 570 is connected to
a separator (bipolar plate) at an intermediate point of a
fuel battery 1 via a capacitor 513. Further, a positive-
electrode side AC potential difference detecting unit 521
and a negative-electrode side AC potential difference de-
tecting unit 522 are connected to the same separator
(bipolar plate) as the one connected to the AC power
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supply unit 570 by a path 503a different from a path 503
of the AC power supply unit 570 via a capacitor 513a.
[0129] A positive-electrode side AC polarity reversing
amplifier 540b is connected to the same separator (bi-
polar plate) as the one connected to the positive-elec-
trode side AC potential difference detecting unit 521 by
a path 501 different from a path 501a of the positive-
electrode side AC polarity reversing amplifier 521 via a
capacitor 511.

[0130] A negative-electrode side AC polarity reversing
amplifier 540c is connected to the same separator (bipo-
lar plate) as the one connected to the negative-electrode
side AC potential difference detecting unit 522 by a path
502 different from a path 502a of the negative-electrode
side AC polarity reversing amplifier 522 via a capacitor
512. It should be noted that reversion amplifying circuits,
boot strap circuits, active noise canceling circuits or the
like can be applied as the polarity reversing amplifiers
540b, 540c.

[0131] If such a configuration is adopted, the polarity
of an AC voltage detected at a laminated battery output
end is reversed and returned to each laminated battery
output terminal. Thus, an AC voltage amplitude at the
laminated battery output end is forcibly canceled (ze-
roed). This causes the AC voltage amplitudes at the op-
posite ends of the laminated battery to both become zero
and have an equal potential.

[0132] Further, the alternating current flowing in each
laminated cell group is detected by the AC detecting units
531a, 532a and AC voltages at the opposite ends of the
laminated cell groups are detected by the AC potential
difference detecting units 521, 522 connected to an AC
voltage detection line.

[0133] Thus, according to the present embodiment, a
voltage comparison function by the AC adjustment unit
540 is unnecessary, wherefore the circuit can be simpli-
fied.

[0134] Also in the present embodiment, signals in
which noise is canceled out are output from the positive-
electrode side adder 571 and the negative-electrode side
adder 572 as in the first embodiment, wherefore the pos-
itive-electrode side AC potential difference detecting unit
521 and the negative-electrode side AC potential differ-
ence detecting unit 522 can detect AC potential differ-
ences free from noise.

(Fifth Embodiment)

[0135] FIG. 15 is a circuit diagram of an impedance
measuring device for a laminated battery in a fifth em-
bodiment.

[0136] In each of the above embodiments, the AC po-
tential difference detecting unit and the power supply unit
(or AC detecting unit) are connected to the common sep-
arator (bipolar plate). Contrary to this, in the present em-
bodiment, they are connected to different bipolar plates
separated with at least one bipolar plate located there-
between. A specific circuit diagram is shown in FIG. 16.
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[0137] A positive-electrode side power supply unit 531
is connected to a bipolar plate 501 on a positive electrode
side of a fuel battery 1 via a capacitor 511. A positive-
electrode side AC potential difference detecting unit 521
is connected to a bipolar plate 501a different from the
bipolar plate 501 via a capacitor 511a. Further, the pos-
itive-electrode side AC potential difference detecting unit
521 is connected to a bipolar plate 5031a different from
a bipolar plate 503 connected to a ground line via a ca-
pacitor 5131a.

[0138] A negative-electrode side power supply unit
532 is connected to a bipolar plate 502 on a negative
electrode side of the fuel battery 1 via a capacitor 512.
A negative-electrode side AC potential difference detect-
ing unit 522 is connected to a bipolar plate 502a different
from the bipolar plate 502 via a capacitor 512a. Further,
the negative-electrode side AC potential difference de-
tecting unit 522 is connected to a bipolar plate 5032a
different from the bipolar plate 503 connected to the
ground line via a capacitor 5132a.

[0139] Also according to the present embodiment,
functions and effects similar to those of the second em-
bodiment are obtained. Miniaturization is possible since
a space taken up by connection terminals can be nar-
rowed. It should be noted that, in the case of the present
embodiment, a cell impedance between the bipolar
plates 501 and 501a, that between the bipolar plates 502
and 502a, that between the bipolar plates 503 and 5031a
and that between the bipolar plates 503 and 5032a are
all outside an AC voltage detection range and cannot be
detected. However, if a large number of cells are lami-
nated such as in a large-side laminated battery or if im-
pedances among the cells are aligned in variations, there
is no problem since an average cell impedance per cell
can be computed and corrected from the number of the
cells in the detection range.

[0140] Also in the present embodiment, signals in
which noise is canceled out are output from the positive-
electrode side adder 571 and the negative-electrode side
adder 572 as in the first embodiment, wherefore the pos-
itive-electrode side AC potential difference detecting unit
521 and the negative-electrode side AC potential differ-
ence detecting unit 522 can detect AC potential differ-
ences free from noise.

(Sixth Embodiment)

[0141] FIG. 17 is a circuit diagram of an impedance
measuring device for a laminated battery in a sixth em-
bodiment.

[0142] If the present embodiment is shown in a circuit
diagram, the same one as in the third embodiment (FIG.
12) is obtained. Although the AC potential difference de-
tecting unit and the power supply unit (or AC detecting
unit) are connected to the common separator (bipolar
plate) in the third embodiment, they are connected to
different bipolar plates separated with at least one bipolar
plate located therebetween in the present embodiment.
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It should be noted that, in the present embodiment, the
AC potential difference detecting unit is provided only on
a positive electrode side and connected to the bipolar
plate 5031a of FIG. 15. The AC potential difference de-
tecting unit connected to the bipolar plate 5032a of FIG.
15 is unnecessary.

[0143] By doing so, AC voltage amplitudes at opposite
ends of each laminated cell group inevitably become
equal as in the third embodiment. Thus, the value of an
alternating current flowing in an impedance measure-
ment object (fuel battery) and the value of an alternating
current output from a power supply coincide, wherefore
the alternating current flowing into the measurement ob-
ject can be accurately detected. Since the impedance of
the laminated battery is computed based on this alter-
nating current, the impedance of the laminated battery
in operation can be accurately measured without being
affected by a state of a load device. Further, miniaturiza-
tion is possible since a space taken up by connection
terminals can be narrowed.

[0144] Also in the present embodiment, signals in
which noise is canceled out are output from the positive-
electrode side adder 571 as in the first embodiment,
wherefore the positive-electrode side AC potential differ-
ence detecting unit 521 can detect an AC potential dif-
ference free from noise.

(Seventh Embodiment)

[0145] FIG. 18 is a circuit diagram of an impedance
measuring device for a laminated battery in a seventh
embodiment.

[0146] The present embodiment is basically the same
as the fourth embodiment (FIG. 14). However, the AC
potential difference detecting unit and the power supply
unit (or AC detecting unit) are connected to the common
separator (bipolar plate) in the fourth embodiment (FIG.
14), whereas they are connected to different bipolar
plates separated with at least one bipolar plate located
therebetween in the present embodiment.

[0147] A positive-electrode side AC polarity reversing
amplifier 540b is connected to a bipolar plate 501 on a
positive electrode side of a fuel battery 1 via a capacitor
511. A positive-electrode side AC potential difference de-
tecting unit 521 is connected to a bipolar plate 501a dif-
ferent from the bipolar plate 501 via a capacitor 511a.
Further, the positive-electrode side potential difference
detecting unit 521 is connected to a bipolar plate 5031a
different from a bipolar plate 503 connected to a ground
line via a capacitor 5131a.

[0148] A negative-electrode side AC polarity reversing
amplifier 540c is connected to a bipolar plate 502 on a
negative electrode side of the fuel battery 1 via a capac-
itor 512. A negative-electrode side AC potential differ-
ence detecting unit 522 is connected to a bipolar plate
502a different from the bipolar plate 502 via a capacitor
512a. Further, the negative-electrode side potential dif-
ference detecting unit 522 is connected to a bipolar plate

10

15

20

25

30

35

40

45

50

55

12

5032a different from the bipolar plate 503 connected to
the ground line via a capacitor 5132a.

[0149] By doing so, the polarity of an AC voltage de-
tected at a laminated battery output end is reversed and
returned to each laminated battery output terminal as in
the fourth embodiment. Thus, an AC voltage amplitude
at the laminated battery output end is forcibly canceled
(zeroed). This causes the AC voltage amplitudes at the
opposite ends of the laminated battery to both become
zero and have an equal potential. Further, the alternating
current flowing in each laminated cell group is detected
by the AC detecting units 531 a, 532a and AC voltages
at the opposite ends of the laminated cell groups are
detected by the AC potential difference detecting units
521,522 connected to an AC voltage detection line. Thus,
according to the present embodiment, a voltage compar-
ison function by the AC adjustment unit 540 is unneces-
sary, wherefore the circuit can be simplified. Further, min-
iaturization is possible since a space taken up by con-
nection terminals can be narrowed.

[0150] Also in the present embodiment, signals in
which noise is canceled out are output from the positive-
electrode side adder 571 and the negative-electrode side
adder 572 as in the first embodiment, wherefore the pos-
itive-electrode side AC potential difference detecting unit
521 and the negative-electrode side AC potential differ-
ence detecting unit 522 can detect AC potential differ-
ences free from noise.

(Reference Embodiment)

[0151] The intermediate point is the point of the inter-
mediate potential of the fuel battery 1 in each of the above
embodiments. A configuration for providing a notch filter
in a circuit when the intermediate point is not the point of
the intermediate potential of the fuel battery 1 is consid-
ered.

[0152] For example, if a point dividing a distance be-
tween the positive electrode terminal and the negative
electrode terminal of the fuel battery 1 at 1:2 is an inter-
mediate point and grounded, the positive-electrode side
AC potential difference detecting unit detects a signal
which is 1/3 of an AC potential difference signal contain-
ing noise and the negative-electrode side potential dif-
ference detecting unit detects a signal which is 2/3 of the
AC potential difference signal containing noise. Thus, if
the signal detected by the positive-electrode side AC po-
tential difference detecting unit is amplified two-fold, sig-
nal levels detected by the positive-electrode side AC po-
tential difference detecting unit and the negative-elec-
trode side AC potential difference detecting unit become
equal. By causing the signals adjusted to have the same
signal level to pass through the notch filters and the
adders as described in each of the above embodiments,
noise can be canceled.

[0153] FIG. 19 is a configuration diagram for succes-
sively switching intermediate points in a connection
switcher 580. Also in this case, noise can be canceled
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by causing signals to pass through the notch filters and
the adders after signal levels detected by the positive-
electrode side AC potential difference detecting unit and
the negative-electrode side AC potential difference de-
tecting unit are adjusted to be equal according to the
position of the intermediate point to be switched.
[0154] According to this configuration for switching the
intermediate points, an impedance of a currently con-
nected cell can be computed by comparing the current
measurement value and the last measurement value.
Thus, an impedance can be measured for each cell. In
this way, an impedance distribution in a lamination direc-
tion and local degradation of the cells can be monitored.
[0155] Although the embodiments of the present in-
vention have been described above, the above embod-
iments are merely some application examples of the
present invention and not of the nature to limit the tech-
nical scope of the present invention to the specific con-
figurations of the above embodiments.

[0156] Forexample, serially connected laminated bat-
tery 1-1 and laminated battery 1-2 may be animpedance
measurement object. In such a case, a positive electrode
side of the laminated battery 1-1 is regarded as the pos-
itive electrode side of the above embodiments, an inter-
mediate point between the laminated batteries 1-1 and
1-2 is regarded as the intermediate point of the above
embodiments and a negative electrode side of the lam-
inated battery 1-2 is regarded as the negative electrode
side of the above embodiments. The intermediate point
is a point of an intermediate potential of the impedance
measurement object including the laminated batteries
1-1, 1-2. By doing so, an impedance value of the lami-
nated battery 1-1 is obtained as R1 and that of the lam-
inated battery 1-2 is obtained as R2. Also in this way, the
impedance value of each of the laminated batteries 1-1,
1-2 can be accurately obtained without being affected by
noise by providing notch filters and adders as in each of
the above embodiments.

[0157] Further, although the fuel battery is cited as an
example of the laminated battery in the above descrip-
tion, the laminated battery may be a battery such as a
lithium ion battery. Specifically, application is possible to
any battery provided that a plurality of power generation
elements are laminated. Even in such a battery, efficient
operation is possible if an internal resistance can be
measured, which is desirable.

[0158] Although the configuration with the AC adjust-
ment unit (540, 540a) has been described in the above
firstto third, fifth and sixth embodiments, itis also possible
to omit the AC adjustment unit (540, 540a) since the in-
termediate point is the point of the intermediate potential
of the fuel battery 1.

[0159] Although the intermediate point is the point of
the intermediate potential of the fuel battery 1, it may be
not a point of a perfectly intermediate potential, but a
point close to the intermediate potential.

[0160] The presentapplication claims a priority of Jap-
anese Patent Application No. 2012-224266 filed with the
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Japan Patent Office on October 9, 2012, all the contents
of which are hereby incorporated by reference.

Claims

1. Animpedance measuring device for alaminated bat-
tery, comprising:

an AC power supply unit configured to output an
alternating current to an impedance measured
object, the impedance measured object includ-
ing at least a laminated battery;

an AC potential difference detecting unit config-
ured todetect atleast one of a positive-electrode
side AC potential difference and a negative-
electrode side AC potential difference, the pos-
itive-electrode side AC potential difference be-
ing a potential difference between a potential on
a positive electrode side of the impedance
measured object and an intermediate potential
of the impedance measured object, the nega-
tive-electrode side AC potential difference being
a potential difference between a potential on a
negative electrode side of the impedance meas-
ured object and the intermediate potential of the
impedance measured object;

an impedance computing unit configured to
compute an impedance of the laminated battery
on the basis of the at least one AC potential dif-
ference and the alternating current applied to
the impedance measured object;

a filter configured to remove a signal with a fre-
quency of an AC signal from the AC signal, the
AC signal indicating the AC potential difference
on one electrode side opposite to that of the AC
potential difference used by the impedance
computing unit; and

an adding unit configured to add a filtered signal
tothe AC signal, the filtered signal being a signal
after passing through the filter, the AC signal
indicating the AC potential difference used by
the impedance computation unit.

2. Animpedance measuring device for alaminated bat-
tery, comprising:

an AC power supply unit configured to output an
alternating current to an impedance measured
object, the impedance measured object includ-
ing at least a laminated battery;

an AC potential difference detecting unit config-
ured todetect atleast one of a positive-electrode
side AC potential difference and a negative-
electrode side AC potential difference, the pos-
itive-electrode side AC potential difference be-
ing a potential difference between a potential on
a positive electrode side of the impedance
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measured object and an intermediate potential

of the impedance measured object, the nega-
tive-electrode side AC potential difference being

a potential difference between a potential on a
negative electrode side of the impedance meas- 5
ured object and the intermediate potential of the
impedance measured object;

an impedance computing unit configured to
compute an impedance of the laminated battery

on the basis of the at least one AC potential dif- 70
ference and the alternating current applied to

the impedance measured object;

a first filter configured to remove a signal with a
frequency of an AC signal from the AC signal,

the AC signal indicating the positive-electrode 15
side AC potential difference;

asecond filter configured to remove a signal with

a frequency of an AC signal from the AC signal,

the AC signal indicating the negative-electrode
side AC potential difference; 20
a first adding unit configured to add a filtered
signal to the AC signal, the filtered signal being

a signal after passing through the filter, the AC
signal indicating the negative-electrode side AC
potential difference; and 25
a second adding unit configured to add a filtered
signal to the AC signal, the filtered signal being

a signal after passing through the filter, the AC
signal indicating the positive-electrode side AC
potential difference. 30

3. The impedance measuring device for a laminated
battery according to claim 1 or 2, wherein:

the filter is a notch filter. 35
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